Introduction
Soil pollution is a form of pollution difficult to measure and control. One of the main causes of soil contamination is the uncontrolled disposal of waste resulted from various human activities.
MSW's are represented by the solid residues collected from public housing, usually made of paper, plastic, fabric, ceramic, glass, packaging, batteries, tires, oils and food scraps.
Disposal of this waste is acknowledged as generating impact and risk to the environment and public health (Cojocaru, 1995) .
As a result of the evolution and growth of population and civilization, leftovers generated by housekeeping and food preparing, to which we may add a significant amount of materials resulted from food packaging and even some damaged household items, are no longer considered "trash", but a genuine secondary resource of feedstock and recyclable materials (Bularda et al., 1992; .
None of the seven MSW disposal sites of the county, classified according to the types of waste contained as non-hazardous locations ("b" Class) is in accordance with the provisions of Directive no. 1999/31/EC on waste disposal.
MSW disposal sites may cause serious adverse effects both on environmental factors such as air, water or soil and vegetation, wildlife and people's health over large areas Manfredi et al., 2010) . The following negative effects may therefore occur:
 unaesthetic landscape changes;  air pollution with odors, toxic gaseous emissions and particulate pollutants carried by wind;  groundwater contamination with toxic substances that leach due to soil permeability;  soil degradation, proportional with increasing of disposed waste layer depth containing organic substances, detergents, pesticides, heavy metals, pathogens, etc., and changes in soil fertility and biocenoses composition in the neighbouring fields;  permanent physic-chemical and biological contamination of surface waters flowing in the vicinity of the landfills with biodegradable or low biodegradable organic compounds, mineral salts, heavy metals; maximum contamination values are recorded during flood intervals, when waste is washed away by water;  the presence of diseases carriers such as rodents and some insects. );  establishment of one waste sorting station at the Moara landfill (6700 tones/yr of paper/cardboard waste, 11220 tones/yr plastic/metal waste); -establishment of five transfer stations: Radauti -40600 tones/yr; Fălticeni -27544 tones/yr, Campulung Moldovenesc -11200 tones/yr, Gura Humorului -27544 tones/yr (only enlargement in this particular case, because the transfer station was constructed with Phare ESC 2004 funding), Vatra Dornei (only collection center, because the transfer station was constructed with Phare ESC 2004 funding) and of 44,000 individual composting units;
 construction and equipment of waste collection platforms in rural areas with centres for glass and plastic/metal collection;  construction and equipment of waste collection platforms in urban areas with centres for glass collection, but also for plastic/metal and paper /cardboard collection. By means of this project, financed by the EU, the county will be divided into 7 sub zones for waste collection - Figure 2 , two waste storage areas (Moara and Pojorâta) will be built and functional by 2014, the transfer stations (Radauti, Fălticeni, Campulung Moldovenesc, Vatra Dornei and Gura Humorului) and a waste sorting station at Moara landfill are or will be constructed / extended.
Until the implementation of the integrated system in Suceava county, the county's municipal waste has been disposed in the existing functional landfills (Fălticeni, Gura Humorului and Campulung Moldovenesc), as well as in the functional landfills of the neighbouring counties (Botosani, Darabani and Targu Neamt).
Currently, dispensations have been obtained for urban waste disposal on the old, non-functional landfills, waste which will be afterwards transferred to the compliant landfills in Moara and Pojorâta, after these become functional in 2014.
Data and methods used
The elaboration of the current paper is based on the following information:
 for preparing the maps with the territorial distribution of existing waste disposal sites in Suceava County, the ArcGIS v9.3 software package was used. Raster information was transformed according to the rectangular coordinate system of the study area, followed by the identification and creation of the vector spatial data system required to draw these maps. As raster support, we used the 2006 ortophotoplans and the satellite images from 2012.  information on the MSW production (types of produced and collected waste), provided by the sanitation operators and managers of landfills, but based on estimates and not on precise data obtained by weighing;  the results of physical -chemical analyses for groundwater and soil samples collected from areas bordering municipal landfills;  calculation of indices for air, water and soil pollution, in order to determine the need for ecological restoration of non-compliant landfills.
The territorial distribution of existing waste disposal sites in Suceava County

The MSW landfill of the Suceava City
The municipal waste storage platform in Suceava is located on public land, belonging to the Ipoteşti local administration, between the right bank of the Suceava River and the Cetatea forest edge, 500 m eastward of the Suceava city. It occupies an area of approximately 11.6 hectares. The landfill's height in some points reaches 8 -10 m, and in others 2 -3 m. The Mirauti nonhazardous landfill of the Suceava municipality belongs to class "b", CAEN code 9001, which allows municipal waste disposal up to 200000m 3 /yr.
The platform neighbors with the Suceava River in the N, a forested area in the S, with Cetatii Creek and an access road in the E and with another forested area in the W (Fig. 3) . The landfill site is located in the floodplain of the Suceava River -a subunit of the Suceava Plateau, on the right bank of the above mentioned river and at a distance of 200 m from the closest households/human dwellings.
The landfill is incorrectly positioned and moreover, it is not enclosed - Fig. 4 . Both municipal and industrial waste have been accepted for disposal. Because of the biogas production, waste self ignites, the fire being difficult to extinguish. At floods, there is the risk that some of the waste reach the Suceava River, due to the degradation of approximately 100 m of the river bank protection structures. The components of urban waste collected in the Suceava City are: biodegradable -49%, materials resulting from demolition -18%, paper -7%, glass -8%, metals -6%, plastic -5.5% and textiles -6% - Fig. 5. 
The MSW landfill of Radauti municipality
Radauti town has a mixed landfill of industrial and household waste, constructed in 1983, and located 5km from the urban perimeter, on the County Road Radauti -Satu-Mare - Fig. 1 and 6.
The landfill covers an area of 4.43 ha and has a capacity of 250000t. The total amount of waste to be disposed annually was about 13200t. By the end of 2009, solid waste collected in Radauti was disposed of in a controlled manner, using two methods. A first method consisted in the disposal at the landfill site, located in the eastern part of the town. Since 2010, waste has partly been eliminated by sorting and recycling. 
The MSW landfill of Fălticeni municipality
The Waste landfill is located near the city, at a distance of 3.5 km from city center - The landfill perimeter is not properly fenced - Fig. 8d , c, and the platform has no waste collecting and water treatment systems, which causes water to infiltrate into the soil. Anisoara, 05. 2011) In the landfill platform area, no selective collection technologies have been applied to facilitate ecological reconstruction of the area, reusable materials have not been rendered valuable, and biodegradable materials have not been separated from non-biodegradable materials.
Another hazard is represented by combustible waste (cardboard, plastic, paper, leather, wood, textiles) and moreover, fermentation of organic waste produces biogas that can fuel air polluting combustion. Due to inadequate location of the landfill, household waste is driven away by air currents and scattered on the neighboring fields -Figs 8a and b.
The landfill is improperly surrounded by several concrete plates - Fig. 8c . On the southern side, the slope has a height of 5 meters, it is not stabilized and therefore hazardous, as sliding may occur anytime; on the northern side, the landfill is not enclosed and moreover, has no geophysical stability, which leads to waste sliding and decompaction.
The Hurghis MSW landfill of the Campulung Moldovenesc municipality
The Hurghiş non-hazardous MSW landfill from Campulung Moldovenesc, Suceava County, is located at approx. 1km eastward of the residential area - Fig. 9 and belongs to the "b" class, with an area of 1.62 ha, and an annual capacity of over 19000t.
The Hurghiş landfill became functional in 1990, with a projected capacity of 115800 m 3 , and an area of 2.14 ha.
The Hurghis platform is not made of concrete / asphalt and has almost no fencing - Fig. 9 . 
The urban solid waste landfill of Gura Humorului city
It is a non-hazardous waste landfill belonging to "b" class, with an area of 2,126 ha, located eastward at approx. 800 m distance from the built area - Fig. 10 . The location allows the disposal of approx. 16000 m 3 /yr, equivalent to 14000t of municipal waste to be disposed of annually.
The landfill is poorly fenced - Figure. 
The urban solid waste landfill of Siret town
In 1970, the urban waste landfill became functional, on a plateau area of about 0.8 -1ha located on the Horait Hill, south-west of the town, at 500 meters distance from the closest households - Fig. 12 . This landfill is not properly developed, but placed on unproductive land - Fig. 12 . Both household and industrial waste has been disposed here over time.
Since its opening and until its closure in 2008, the management of the landfill was performed by the Siret local administration. With the landfill closure, a post-closure period started, which included the implementation of a monitoring and environmental cleaning program of the area. Currently, the only waste type that has been approved to be disposed of on the landfill is construction waste (rubble, brick fragments etc.). Since this new destination of the landfill was set, about 4700t of waste have been annually disposed on the platform. The former urban landfill of Siret town is located according to the cadastral map on the parcel 36. The main access road crosses the center of the town, on Suceava Street -a downhill slope road, unpaved, directly connecting the town with both the landfill and the agricultural land in the landfill area - Fig. 12b . The landfill has the following characteristics: lack of platform enclosure (no hedge or prefabricated fence), landfill gas is not collected, no leachate collection system, no monitoring system, no selective waste collection and no recoverable waste collection at the disposal site.
According to their nature, the following shares of different waste categories are estimated and expressed as a percentage: 15% paper and cardboard, 20% plastic, 10% glass, metals 5%, 20% biodegradable waste, construction and demolition waste 15%, textile waste 5%, other 15%.
The effects produced by MSW landfills in Suceava County on environmental factors
Environmental impact assessment by calculation of the pollution index
This index statistically establishes several thresholds (attention, alert, intervention and risk) for each environmental factor, so that pollution prevention and control strategies should be applied for different values of pollution indices (Macoveanu, 2003; Ditoiu Valeria et al., 2005) .
The model places pollution indices on a reliability scale. It sets boundaries between different degrees of pollution and establishes general directions of action on the polluted environmental factor, in different situations. [1], where:
MAC + EC
-MAC -maximum accepted concentration -EC -measured or estimated concentration.
According to the pollution index (PI) value, reliability grades can be given for the scale of pollution indices (IP %) presented in Tab. 1 Soil samples were collected from two horizons: 0-5cm and 5-30cm, with a sampling corer. For each horizon of each of the sampling points (marked in the Figure 3 , 6 , 7, 9 , 10, 12a, 13 with the P symbol and with indices from 1 to 5; example: P1, ..., P5) an average sample was collected and analyzed, which was obtained from four soil samples closely located and mixed for homogenization.
The soil samples were prepared in the laboratory according to the ISO 11464/2006 standard.
a. Determination of pH
pH was determined according to the SR 7184-13/2001 standard protocol: from air-dried soil sample, crushed and sieved through a 2 mm mesh opening, an aqueous suspension was prepared with soil/water concentration of 1/2,5 (mass/volume). The activity of hydrogen ions, expressed as pH units was measured in this solution. pH measurements were performed with a WTW 526 pH meter, with combined electrode.
b. Determination of metals
Laboratory sample processing for determinations of heavy metals concentration in soil by atomic absorption spectrometry was performed according to the ISO 11466/1999 standard: we used airdried soil samples, sieved through a sieve with 1.50 mm mesh opening, of which 1 g weighted sub-samples were taken. The sub-samples were digested with aqua regia (2 ml of nitric acid 65% and 6 ml of 37% hydrochloric acid), with the help of a MWS3 Berghof microwave digestion device.
The extracts obtained by filtering the mineralized samples were transferred to 100 ml volumetric flasks, where 0.5 mol/l nitric acid was added for each flask. For the determination of Mn concentration, prior to volume equalization in the volumetric flasks, the extracts were added 10ml of 10% lanthanum chloride solution and then made up to volume with 0.5 mol/l nitric acid.
Measurements of total metals concentrations in the soil (zinc, copper, chromium, cadmium, cobalt, nickel, lead, arsenic) Table 7a . Locations where average concentration of nickel (mg/kg dry soil) indicated varying pollution intensity degrees 2), zinc concentration (PI -23.3% -Tab. 3a), chromium (PI -21.9% -Tab. 4), nickel (PI -50.0% -Tab. 7a) and lead concentration (PI -32.2% -Tab. 8);
• Gura Humorului due to high values found for copper concentration (PI -25.5% -Tab. 2), cobalt (PI -23.6% -Tab. 6a), nickel (PI -47.9% -Tab. 7a), and lead concentration (IP -16.0% -Tab. 8);
• Radauti (PI for copper concentration -61.6% -Tab. 2; PI for zinc concentration -19.9% -Tab. 3; PI for chromium -18.6% -Tab. 4; PI for cobalt -23 7% -Tab. 6a; PI for nickel -74.9% -Tab. 7);
• Campulung Moldovenesc (PI for copper concentration -54.85% -Tab. 2; PI for chromium -30.8% -Tab. 4; PI for nickel -46.2% -Tab. 7a and PI for lead concentration -18.6% -Tab. 8);
• Vatra Dornei (PI for copper concentration -15.9% -Tab. 2; PI for zinc -15.9 -Tab. 3a; PI for cobalt -75.79% -Tab. 6a; PI for nickel -23.8% -Tab. 7a; PI for lead -15.8% -Tab. 8a and PI for arsenic -35.85% -Tab. 9);
 "Pollution level -Bad" for the elements: zinc (PI -10.8% at Campulung Moldovenesc MSW landfill), chromium (PI -9.9% at Siret MSW landfill), cadmium (PI -0.02% at Radauti MSW landfill) and arsenic (PI -6.1% at Campulung Moldovenesc MSW landfill);
 "Pollution level -Medium" for the elements: chromium at Gura Humorului urban solid waste landfill (PI 13.7%), cobalt at Suceava MSW landfill (PI of 9.5%) and Campulung Moldovenesc MSW landfill (PI of 0.8%), and arsenic at Suceava MSW landfill (PI of 6.1%) and Gura Humorului urban solid waste landfill (PI 12.1%).
for the 5 -30cm horizon:  "Pollution level -Very bad", with destructive effects on the environment, requiring implementation of decontamination measures for the landfills: Suceava (PI for copper -38.4%, for zinc -61%, for chromium -18,5%, nickel -53.9% and lead -36.2%), Siret (PI for copper -38.2%, for chromium -31.2%, nickel -37.1% and lead -73.6%), Radauti (PI for copper -57.9%, zinc -45.9% and nickel -38.9%), Falticeni (PI for copper -56.2%, cobalt -45.6%, nickel -31.4%, lead -67.1% and arsenic -18.7%), Gura Humorului (PI for cobalt -26,7%, nickel -48.5% and lead 17.9%), Campulung Moldovenesc (PI for copper -53.5%, chromium -30.8% , 51.5% for nickel and 29.5% for lead) and Vatra Dornei (PI for nickel -28.9%, 30.7% for lead and 47.6% for arsenic);
 " Pollution level -Bad" for the following landfills: Suceava (PI for cobalt -13.2% and arsenic 11.4%), the Radauti (PI for chromium -11.2% and cobalt -14.9%), Fălticeni (PI for chromium is 7.7%), Gura Humorului (PI for copper is 12.4%), Campulung Moldovenesc (PI for arsenic concentration is 5.7%) and Vatra Dornei (PI for copper concentration is 11.3% and 12.6% for zinc concentration);  "Pollution level -Medium" for landfills like: Suceava (PI of 2.3% for cadmium concentration), Siret (PI of 11.5% for cobalt), Gura Humorului (PI of 5.7% for chromium and 4.6% for arsenic) and Campulung Moldovenesc (PI of 3.4% for cobalt).
Analyzing the pollution indexes (PI) average values for the soil samples (Table 2 -9 in conjunction with Tab. 1) and their consequent averaging, Figures 14a and 14b resulted, which show that the 0-5cm soil horizon is most pronouncedly degraded around Gura Humorului and Radauti urban solid waste landfills (Fig. 14a ) and the 5-30cm soil horizon around Campulung Moldovenesc and Suceava landfills (Fig. 14b) . c. Determination of petroleum products in soil was carried out according to the ISO 7877-1/1995 protocol: the soil sample is acidified with sulfuric acid to a pH <5, and extracted with carbon tetrachloride in a Buchi 811 extractor; after evaporation of the solvent, the remaining residue is dissolved in petroleum ether and after solvent evaporation, oil products are determined gravimetrically. Analyzing the concentration of petroleum products in the soil (Tab. 10), we found a significant exceedance of the intervention threshold for Suceava MSW landfill, which shows the need for urgent action to remedy the situation.
Except the average statistics used in Tab. 3b, 5b, 6b, 6c, 7b and 8b, several particular situations are given, where analyses revealed exceedance of the AT for some elements in the upper soil horizons (for zinc, at Suceava MSW landfill -Tab. 3b; for cobalt at Fălticeni and Vatra Dornei MSW landfills -Tab. 6b, 6c; for nickel at Radauti MSW landfill -Tab. 7b and lead at Siret urban landfillTab. 8b) or PI (cadmium, the Radauti MSW landfill -Tab. 5b).
Effects of urban solid waste landfills on water quality
Water samples were collected from boreholes located in areas adjacent to landfills. These samples were stored and manipulated for further measurements, according to the SR EN ISO 5667-3/2004 standard.
a. Determination of pH
It was performed according to the SR ISO10523/2009 standard by measuring the activity of hydrogen ions, expressed in pH units, with a WTW 526 pH meter with combined electrode type.
b. Determination of metals
Concentration measurements of dissolved metals in the water were performed by spectrophotometric method with flame atomic absorption, after filtration of samples, as follows: determination of lead, chromium, copper, zinc and cadmium was conducted according to the ISO 8288/2001 standard. The measurements were performed with a flame atomic absorption spectrophotometer and graphite furnace, spectral type AA 220.
c. Determination of organic substances using the CCO-Cr method
Determination of Chemical Oxygen Consumption (CCO-Cr) was performed according to the ISO 6060/1996 standard: in a Kjeldahl digester, water samples were mineralized with potassium dichromate in the presence of silver sulfate mixture -sulfuric acid; the excess of potassium dichromate was titrated with iron and ammonium sulfate in the presence of ferroin.
d. Determination of total phosphorus
Determination of total phosphorus was conducted according to the SR EN ISO 6878/2005 standard, as follows: water samples were treated with a mixture of sulfuric acid -nitric acid; the orthophosphate ions resulted, in the presence of ascorbic acid and ammonium and antimony molybdate form a strong complex of blue color, of which total phosphorus content is measured with a CECIL 8020 spectrophotometer.
e. Determination of ammonia nitrogen (NH4+) was performed according to the STAS 8683-1970 standard: the water sample is buffered at pH -7.4, in order to inhibit the hydrolysis of organic nitrogen compounds. Ammoniacal nitrogen is distilled in a solution of sulfuric acid, of which in an alkaline environment, in the presence of Nessler reagent, ammoniacal nitrogen is determined photometrically with a CECIL 8020 spectrophotometer.
f. Determination of total nitrogen was carried out according to STAS 7312 protocol: in acid environment in the presence of hydrogen peroxide and iron, nitrogen compounds are reduced to ammonia. Following alkalization, the ammonia released is distilled and absorbed in an acid solution, in which the total nitrogen is determined by treating the sample with Nessler reagent, using a CECIL 8020 spectrophotometer.
The results obtained are summarized for MSW Vatra Dornei, Gura Humorului and Suceava in Tables 11-13. Analyzing the data presented in Tab. 11-13, together with the pollution index average values (PI) in Fig. 15 for the groundwater samples, the following can be observed:
 for water samples collected from boreholes adjacent to Suceava landfill, the 8% average PI indicates a "medium pollution level" but for indicators like CCO-Cr and ammoniacal nitrogen, pollution index values below 95% indicate a "danger threshold";
 for water samples collected from boreholes adjacent to Vatra Dornei landfills, with average PI values of 40%, pollution level is "good", but for indicators like CCO-Cr and ammoniacal nitrogen, values of PI lower than -95% indicate a "danger threshold" (due to increased domestic organic matter content);
 for water samples collected from boreholes adjacent to Gura Humorului landfills, the average PI is 51.6%, which indicates a "good pollution level", with the exception of CCO-Cr and ammoniacal nitrogen for which the 63, 3% PI value indicates a "very bad pollution level". 
Conclusions
Currently, waste management activity in Suceava County is facing a number of problems:
 residential waste collection is not selective, most of it reaching landfills as such, mixed, thus loosing much of its potential usefulness (paper, glass, metals, plastics, textiles etc.);  existing landfills are often located in sensitive areas (near inhabited areas, surface waters, agricultural land etc.);  urban waste disposal is performed on bare land;
